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Remarks 

Claims 1-23, 27 and 28 were pending in the subject application. By this Amendment, the 
applicants have amended claims 1, 3 and 6, have added new dependent claims 29 and 30, and have 
cancelled claims 10 and 11; entry of the amendments is respectfully requested. The applicants 
acknowledge that claims 20-23, 27 and 28 have been withdrawn as being directed to non-elected 
subject matter. The applicants respectfully submit that no new matter has been added by these 
amendments. Accordingly, claims 1-23, 27 and 28-30 are now before the Examiner for 
consideration. 

The amendments to the claims have been made in an effort to lend greater clarity to the 
claimed subject matter and to expedite prosecution. Support for the claim amendments and new 
claims can be found throughout the specification. The amendments should not be taken to indicate 
the applicants' agreement with, or acquiescence to, any of the rejection(s) of record. Favorable 
consideration of the claims now presented, in view of the remarks and amendments set forth herein, 
is earnestly solicited. 

As an initial matter, the Examiner has objected to the subject specification due to 
informalities. Specifically, the Examiner indicates that the subject specification did not include 
sequence identifiers for sequences disclosed in Figure 4. By this Amendment, the applicants have 
attached a replacement Figure 4a and 4b (pages 4/13, 5/13 and 6/13 of the figures) to include 
sequence identifiers for the sequences. Applicants have also amended the description of Figure 4a 
and 4b in the specification to include sequence identifiers. 

Claims l-16and 19 have been rejected under 35 U.S.C. §112, first paragraph, on the grounds 
that the subject specification does not provide adequate written description. The Examiner asserts 
that "the instant case specification fails to disclose representative number of species by structure and 
function encompassed by the genus as claimed i.e. recombinant genetic material for the production 
of hetrodimeric specific wild-type or chimeric TCR with any antigen specificity, wherein any and all 
domains (i.e. extracellular, transmembrane and intracellular domains) of the TCR-complex has been 
modified by random mutagenesis." The applicants respectfully traverse this ground of rejection and 
assert that there is adequate written description for the claimed invention. The applicants note that 
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the claimed method encompasses "rational mutagenesis" and not "random mutagenesis" as has been 
suggested by the Examiner in the Office Action. In addition, the applicants note that particular 
amino acids are described in the specification that are now recited in claim 1 . Thus, it is to be noted 
that amended claim 1 recites that the externally provided TCR-chains do pair but do not form mixed 
pairs with the endogenous chains of the T-cells; that there is no impairment of the functionality and 
stability of the heterodimeric TCR; that there is a rational mutagenesis of amino acid-surfaces as 
compared with the initial amino acid-surface(s); and that specific amino acid changes are indicated. 
The applicants respectfully assert that a sufficient number of species are described in the 
specification to support the genus of the claimed invention. The applicants respectfully assert that a 
person of ordinary skill in the art, having considered the teachings of the subject specification, would 
understand that the applicants were in possession of the claimed invention. Accordingly, 
reconsideration and withdrawal of the rejection under 35 U.S.C. § 1 1 2, first paragraph, is respectfully 
requested. 

Claims 1-19 have been rejected under 35 U.S.C. § 1 1 2, first paragraph, as nonenabled by the 
subject specification. The applicants respectfully assert that the subject specification enables the 
claimed invention. 

Under this rejection, the Examiner asserts that "an understanding the structure and mechanics 
of activating immune receptors is crucial for the development of accurate models of any TCR 
functionality. . . " (page 7, bottom paragraph, of the Office Action) (emphasis added). In contrast to 
what is stated in the Office Action, the present invention relates to a method for producing specific 
modified recombinant TCR-chains and TCRs. Indeed, TCR receptors of the claimed method have to 
maintain their functionality and stability. The subject application provides a person of ordinary skill 
in the art with all essential information for practicing the claimed invention, including a) how to 
make mutated TCRs, b) how to introduce them into cells, and c) how to test these TCR for 
functionality. Using this information, the person of ordinary skill in the art is enabled to practice the 
invention as claimed. 

The applicants again note that mutations as introduced in the first or second TCR chains are 
not "random" mutations as has been suggested by the Examiner, but rather are based on a rational 
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design that has been developed using empirical protein-crystal structures. Both the human and 
murine structures are very similar due to their "immunglobulin-like folds" in the ecto-domains, and 
thus this allow(s) for inter-species design. The applicants have also attached a publication by Voss et 
al. (2007) that shows that the claimed method can be used in order to modify a human TCR having 
specificity for gplOO. Thus, it was clear at the time of filing of the subject application that the 
claimed method could be used for numerous species, including both for murine and human TCRs. 

It should be noted that the requirement for some experimentation and/or screening does not 
necessarily render a claim non-enabled. "Enablement is not precluded by the necessity for some 
experimentation such as routine screening. . . A considerable amount of experimentation is 
permissible, if it is merely routine . . ." (emphasis added). In re Wands, 8 USPQ 2d 1400, 1404 (Fed. 
Cir. 1988). In the case of the subject application, any experimentation needed would be routine 
given the guidance provided in the subject application. 

For the reasons set forth above, the applicants believe that they have fulfilled the 
requirements of 35 U.S. C. § 1 12. Accordingly, reconsideration and withdrawal of the rejection under 
35 U.S.C. §112, first paragraph, is respectfully requested. 

In view of the foregoing remarks and amendments to the claims, the applicants believe that 
the currently pending claims are in condition for allowance, and such action is respectfully requested. 

The Commissioner is hereby authorized to charge any lees under 37 CFR §§1.16 or 1.17 as 
required by this paper to Deposit Account No. 19-0065. 
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The applicants also invite the Examiner to call the undersigned if clarification is needed on 
any of this response, or if the Examiner believes a telephone interview would expedite the 
prosecution of the subject application to completion. 



Respectfully submitted, 




Doran R. Pace 
Patent Attorney 
Registration No. 38,261 
Phone: 352-375-8100 
Fax No.: 352-372-5800 
Address: P.O. Box 142950 

Gainesville, FL 32614-2950 

DRP/la 

Attachments: Replacement Figures 4a-4b 
Copy ofVossetal. (2007) 
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Molecular Design of the Caj3 Interface Favors Specific Pairing 
of Introduced TCR«j8 in Human T Cells 1 

Raif-Holger Voss, 2 * Ralph A. Willemsen, 1 " Jurgen Kuball,* Margarete Grabowski,* 
Renate Engel, s Ratna S. Intan,* Philippe Guillaume, 11 Pedro Romero, 1 Christoph Huber,* 
and Matthias Theobald* 

A promising approach to adoptive transfer therapy of tumors is to reprogram autologous T lymphocytes by TCR gene transfer 
of defined Ag specificity. An obstacle, however, is the undesired pairing of introduced TCRa- and TCR/3-chains with the endog- 
enous ICR chains. These events vary depending on the individual endogenous TCR and they not only may reduce the levels of 
cell surface- introduced TCR but also n i brid TCR with unknown Ag specificities. We show that such hybrid 

hetcrodimers can be generated even by the pairing of human and mouse TCRa- and TCR/3-ckaius. To overcome this hurdle, we 
have identified a pair of amino acid residues in the crystal structure of a TCR that lie at the interface of associated TCR C« and 
C(i domains and are related to each other by both a complementary steric interaction analogous to a "knob-into-hok" configu- 
ration and the electrostatic environment. We mutated the two residues so as to invert the sense of this interaction analogous to a 
charged •'hole-into-knob'" configuration • < i 1 i < > a (act promotes selective assembly of the 

introduced TCR while preserving its specificity and avidity for Ag ligand. Noteworthily. this TCR modification was equally 
efficient on both a Mu and a Hu TCR. Our data suggest that this approach is generally applicable to TCR independently of their 
Ag specificity and affinity, subset distribution, and species of origin. Thus, this strategy may optimize TCR gene transfer to 
efficiently and safely reprogram random T cells into tumor-reactive T cells. The Journal of Immunology, 2008, ISO: 391-401. 



One of the aims of cellular immune therapy for human 
(Hu) 3 malignancies is the identification and propagation 
of autologous tumor-associated Ag (TAA)-specific T 
l\n phi cyt l'o circumven u i icrution of tumor- 

specific T cells, the genetic transfer of tumor Ag-specific TCR has 
been proposed as alternative strategy to redirect the immune sys- 
tem against cancer cells. This strategy is currently being pursued in 
its first clinical trials (1). 
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Central tolerance mechanisms in the thymus eliminate high-af- 
finity TCR f'oi self-Ag and thus diminish the frequency of potent 
tumor-reactive CTL in the Hu T cell repertoire (2). To bypass this 
i n i i I hi I i v 1 1 1 1 i ii i i i i 1 1 mu tn 

develop in vivo murine (Mu) high-affinity TCR (3, 4). Alternative 
strategies focus on in vitro techniques .-itch as phage. (5)/yeast (6)/ 
TCR (7) display. The retroviral transfer of the related TCR genes 
into T cells preserved boili eiieetoi efficacy and memory pool for- 
mation in vivo (8). 

Upon transduction of T cells with TCR. mixed pairing of intro- 
duced and endogenous TCRa- and TCR/3-chains may generate a 
plethora of hybrid TCR of unknown specificities and potential 
autoimmune reactivities (9). In chis regard, die size of die T cell 
nc i 1 hi i d Ii e ill tilt irder of 10"'. 

However, it contracts several orders of magnitude depending on 
thymic output, aging, and homeostasis of the individual (10). 
Additionally, introduced TCR may have to compete with en- 
dogenous TCR for assembly into the CDS complex and subse- 
quent cell surface export (11). 

To prevent the formation of hybrid TCR, three-domain single 
chain TCR o ■ e > i in loin in nk co- 
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CD3£ resulted i p eferenti; 1 hete odi iierixalio i due fir the trans- 
membrane 1 ( K mi> tl 
i t f i lit' i i i 1 1 1 a 
yielded stable TCR suited for both phage display (5) and gene 
therapy (14, 15) Murinizati. of H „ m j erl to preferential 

TCR are th 

naling, and residual pairing with endogenous TCR. 

Analysis of the crystJ r- 'in.- it t i ! • 1 ' 

stricted Mu 2C TCR (18) and a Hu HLA-A*0201 -restricted TCR 
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(19)ieveteE ti ! K 1 p 1 rem, .' r 

ot i ' t i i .■ . m /' • i .! i the constant domains. 
W e 1 1 1 E i ii i turns may favor pair- 

ing of the reciprocally mutated TCR and disfavor the formation 
of noiuomph ( u 1 i i \ n 

ii i i i i i i tern (EYIGT) nosn tiirc ft 

the dedicated numbering of TCR constant domains (20, 21), the 
paiit.iiiiM-.il 1 I i ti i iiii i ni Mtion 85.1 in 

the constant a tea) domain iTiiy-8.xico.-Arg) and an arginine to 
glycine mutation at position 88 in the constant jB (c(3) domain 

i 1! lii ill Ii iiitv of this appri i \ 

tested for a Mu V/36 + mouse MDM2(81-88) TAA-specific TCR 
(where Vj3 is the variable fl domain and MDM2 is the mouse 
double minute 2 oncoprotein ) EE. We extended this approach to a 
Hu V/314 + gpl()0(28() 288) TAA-specilic high-affinity TCR (22) 
and to tn I I 1 n 1 I 1 Mm i i ! i n il 

n in t licit II i i I / II Mil 

llonal , i i . - .i , ' i. A , t i I i 1 to, tn, , '-nil 
(23), have been assessed in retroviral!}' transduced bulk Hu T cells 
lor all v ih A in n i i lit i i i ' i 

endogenous TCR did not compromise the results, because the fa- 
vored kh n in of It i i i in n h 1 i l ti i -1 i 
doeenous H'k-i o, . l ,. A J. urn "Mo . This approach 

significantly inhibited the potential formation of an interspecies 
hybrid TCR of a Tnou.se/Ituman-mixcd type. Tetramer dissoci- 
ation experiments revealed that this molecular design did not 
impair recognition of the cognate Ag. 

Materials and Methods 

Graphic display of Id R .iruann ond modeling 

The crystal structure atom coordinates of a Mu H-2K b -restricted TCR, 
1TCR (18), and a Hu HI. A - A 1 020 1 -restricted TCR, 1BD2 (19), were 
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PBMC and cell lines 
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Vector constructs and generation of TCR muta 

MDM2(81-8 si i i - (264-272) speed 

lated Eon, A2-transgenie mouse spleen T ceils as elese 
The coding sequences of either TCRct and TCR/3 v\ 
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BamHI-ftagments. The vector was modified bv 
some entry site (IRES)-puromycin or IRES-neoim n e , .,- iTM.na 
Cioiilechl cu, d, i i 1 m ' 1 _ t . t i 1 Hurt m,d ic tl 
i i i ' i nil II ,1 ( R/JinpHnllet 
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Retroviral transduction and drug $ek 

The protocol of G. P. Nolan's laboratory 
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Ts laboratory (28 1 was slightly modified as 
. s HI In d I II 

, i i it i I in . nti ,ii I Mm , nl 
a) for 7 days, and the selection of TCRa * • 
eomplished by adding puromycin (Sigrna- 
i n i 1 II 

Hu AB serum. Surviving bulk T cells were 
h CD3/CD28 labeled magnetic beads (Dyna- 
40-100 U of IL-2 (Proleukin, Chiron) before 
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virus glycoprotein were used. TCR introduced 58,v /J CD 3 M needed se- 
lection in 2 nig/nil neomycin A da ,1 I 5 p.i ml puromycin (2 
111 1 l* in ui he I 

CD4* T cell subset was isolated bv depletion of the CDS"'' T cells using 
ami-CD8' Ab-labeled magnetic beds i Miltenyi-Biotec). 
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analysis was conducted with the PApoA'. software (Beckman Coulter). T 
cells were sorted on FACE Ala fRD Biosciences.,. Unman T cells were 
slamed wilh anti-Ma V(i(s 1 I 1 i il i e in I Mil , II 
(Beckman Coulter). anti-Hu Yfdi4-Pi: ilieckinan Coulter), arili-ldu CDS- 
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A B Wtt» TCR WtpTCR C MtaTCR Mtp TCR 
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As a control, 0.2 X 10 s bulk Wi TCR M!XV!2-tran*<luced T cells were 
stained with an in i \ (XX280 28X>PC5 m ci t telramor display- 

ing a very low .signal ever ti i I i eoi n i 

1 i M o i i i l- lie i i i i 1 

tion, and 1-90 min after addition and immediately pipcucd into ice-cold 

]> 11 llollil lldi li 1 o ll III i PRa li'.: aoo lo slop i it I 
Ihoi s in il I II i 1 i I n I r i i I I i i iii i 

on a FACSCalihnr flow eyiomcrer (BI) Biosciences). Processing of GMF 
intensities were dona en'h OrapliPad Prism version all software. 

Results 

Designing reciprocal complementarity at the Cot/3 interface in 
Mu TCR 

To favor the interaction of introduced TCR a- and TCR/3-chains in 
Hu T cells, we focused on the CecCS interface in the associated 
TCR heterodimer. We used as model the crystal structure of the 
Mu 2C TCR (Ref 13 and lite RCSB protein data bank). We con- 
centrated on the invariant constant domains so as to generalize the 
approach to the majority of TCR subfamilies. This is particularly 
relevant for the transduction of bulk T cell populations, as this is 
the favorable setting in a clinically adoptive transfer protocol. A 
successful slsategy s ;s the reciprocal Mibsi ituiion of two hieing 
residues, differing in si/e, lo yield sterically complementary 
I noh mil in'i in Abs (32). 

However, a charaott «it I tht foil icttii 1 e pronounced 
charge asymmetry between the Co- and Cp-dorriains (18). Be- 
r u 1 i 1 < t m protein 

•-t ik ti n ( 3 "5 1 1 in > 1 1 * i o i I procai sub- 

stitution f ) I a i 1' n d 'I or 

preferential TCR chain pairing. 

The TCR Co- and C/Tdomains were structurally related (Fig. 
M I' I 1 - o ii i i I Id d k'i in a i 
were ju\ttpo or 1 i - i n - rl C were stag- 

gerrd 11 1 i According to INfGT 1 u vt a pair of interacting 
residues. Arg-SX m trie constant domain of TCRjS (Are-S8e/3) and 
Gly-85. 1 in the constant domain of TCR« (Gly-85.1ca), turned out 
i i lit e ) 1 

inner ^-strand E of their respec- 
tive C-domain. The Arg-88c0 side chain centrally protrudes from 



its twisted 0-sheet and points to GIy-85.!c<», which is nested at the 
base of its ct.incave-shaped /3-sheet. 

The CuC0 interface was endowed with polar amino acids, hy- 
drophobic patches, and a skewed distribution of acidic residues in 
Ca and basic residues in C|3. The side chain of Arg-88cj3 was 
stacked between the hydrophobic residues Leu-24ca (strand B), 
Leu-84.2ca (strand D), lle-86c« (strand E),Val-22cjB (strand B), 
and partly Arg-QOcpi (strand la) . Arg-88cp' was not thoroughly in a 
trans conformation because the dihedrals ,\'i> X-m and Xa equal 
-73.8°, --63.3° and 149°. respectively, so as not to conflict with 
the opposite /i i < i a iii 1 i ti 

group of Arg-88cj8 did not form a salt bridge but was predomi- 
nantly surrounded by polar residues. 

The reciprocal subst uiions G . ua s5.1co: and Arg- 

8ScjB-*GIy~88c0 (Fig. 1(7) elicited no steric hindrance for that 
pull it i t ii i ui ii i i i an I mu th 1 1 ipiin il d ti ] 
base in the Swiss-Pdb Viewer ( X] _ 5 = - 175°, -175=, 71.1°, 176°, 
and 179.9") that yielded the lowest score for steric distortion. Al- 
diough I I 1 i 1 slid d to u 1 

he Cp domain, il u 1 nil t In mi til ulv 

stacked between the same hydrophobic residues such as in the Wt. 

ii t i ti 1 i 1 1 i 

i i mi ii t Pi i i i u 1 idiiiioil the 

Arg-85.1ca conl rmer was no t ' 1 th ition and 
■ diltraction analysis, to 2C TCR. die coordination of water 
molecules at the interface, such as H.O 15 centered between Wt 
■■\rg-88cti arid Arg-90c/3, indicated fiydiaop.po I o. accessibility and 

I v i ,l,i ill It' 

predicted a rather rigid structure. 

h v. i titn ii in i 

i spots" ' i dictate the association of i bv contributing 

i i l 1 ^ v t if- i ' tie; „ eo . G I n i 1' 1 * i 
small residue, Ser-85.1ca, and large residue, Arg-88c/3, as a conse- 
'1^*1-. i 1 i r t s Ihis 

u s i " . r ligation of our approach. 
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Introduced TCRfi needed heterodbmiizaiitm u> TCRa for 
export to the cell surface 

Initially, we needed an assay to determine the impact that the 
mutations would have on TCR chain pairing. For this, we as- 
sessed whether surface expression of the introduced TCR 
/3-chain served i ei ml >t el cli 1 am pairing of either the 
introduced TCR a- and /3-chains among themselves or a single 
introduced TCR /3-chain with an arbitrarily endogenous TCRa 
counterpart to form a hybrid TCR (I I). The rationale was that 
pairing stabi it t j r i 'h promotes its integra- 

tion into the m t , i tte tot export 

to tb c I 1 ill I U 1 ) 1 i i 'ti r ] 

lack of Abs. .Moreover, a construct with an octamer histidine tag 
in front of the variable domain failed to allow flow cytometric 
identification of surface TCR« (data not shown). Introduced 
TCP i'j w t in i l 1 t 1 

ence of both Ag-specific TCRa and TCR/3 was detected with 
soluble fluorescent tetramer molecules, that are composed of 
streptavidin/biotin -linked TAA peptidc/HLA-A2 multimers 
(29). But, as shown below, the correlation of tetramer with VjS- 
14, V/3-6, and V/3-3 staining for native TCR specific for a 
gplOO, MDM2. or p53 Ag justified the use of V/3-specific Abs 
to estimate heterodimeric TCRa/3 expression (Figs. 2A vs 3A 
and 4A vs 4B: data not shown). 
First, we tested thts approach in the hybridoma 58«~j3~CD3£ + 

I ( K I III 

lii ( e hue was ta 

hi' l l I ! lb v H 111 ,lb 1 "I 



Diflei 



expor! 



TCR c 



a Mu 



chimeric TCR: i.e.. in the constant domains Ca/3 humanized 
MDM2 M - .sire CR (Mu Wt TCR MDM2 or Mu chi- 
meric TCR ML) VI 2, Ref. 3i. a Mu p53(264 -272Vspecific TCR 
(Mu Wt TCR p53; Ref. 4), and a Hu gp l()0(28O-288)-specific 
TCR (Hu Wt TCR gplOO: Ref. 22) were expressed either as double 
chain TCR a/3 or as single TCR /3-chai.ns. For the latter one, the 
hi hi | i i i 



pBuIlet-IRESpuromycin 1'ransf \ t int , ,> ere si h cted with the ap- 
i ii li ' \t uid Pig 2 ll 

Thus, introduced TCRa/3 expression follows a Gaussian-like ran- 
dom distribution on hybridoma and bulk T cell cultures. Essen- 
tially, in all cases the TCR /3-chain could be detected at the cell 
surface by FACS analysis only when TCRa was coexpressed. 

I i I It, iIm nl to t i t ii hn nt 

Hu TCR gplOO in hybridoma, proving that the pairing of TCRa 
s'. ith, 'i'CK/3 is a necessity for ICR export (see Fig. 3,\). Nolewor- 
thily, the Hu TCR was able to associate with Mu CD3£. Tetramer 
staining of a CD8-defkient hybridoma succeeded only for intro- 
duced CD8-independent 1 CR such as TCR gplOO and p53, not for 
the CDS-dependent TCR MDM2. 

Point mutations at the interface ofTCRfi affected export to the 
T cell surface 

Next, we examined the chain pairing of introduced TCR chains in 
antibiotic-selected bulk Hu T cells. We anticipated that retro virally 
transduced Mu and even more i In TCR chains were able to interact 
with endogenous TCR. As opposed to the hybridoma mode! (Fig. 
2.4), the pairing of TCR/3 with any endogenous TCRa should res- 
cue it IU ll I! I I I I t I I i t \l 

88c0-»Gly-88cj8 in TCR/3 was expected to be poorly expressed in 
the ts complements CRa counsel i HuTccI 

We tested thi i Ht ml p tI ill' himimi/ul 

MDM2-specific TCR. We observed a marked expression for the 
heterodimeric Wt TCR MDM2 irrespective of the CD4 ' CDS " T 
cell subset (92.4%; Fig. 271). Reduction of V/36 positivity for chi- 
meric TCR MDM2 f82 3%, Pig 2C) was pi n c to soi is 



. A hoi 



subst 



reduce 



n the 



e of ii 



t ' 3 ! , i t i i I 

high as that of the heterodimeric TCR 182.3 to 80.4%). This may be 
explained by its I u;bs' ; it ca'e w ;i 'i i Hu 

T CRa. The residual V/36 staining for single Wt TCR/3 reflected some 
competence to bind to Hu ICR. Eventually, as already shown for the 
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h\hn i] .> ad i 2,i ^.m . i] ICRn seemed to support 
pairing and recovery of TCRjS at the cell surface. 

i ~ j 'i - o to generate a TCR0 

mutant unmatched to endogenous TCR a-chains abolished surface 
evpicssion (Fig IB rom 33.9 to * < nd til tantially dimin- 
i hed that in nun (j J it Ji u I 

to 39.4%). The higher residua! V/36 positivity i vs 
was explained by the higher potency of a Hu TCRjS C-domain to 
pin >• i i ii' ili i 1 i 

local residue mismatch. 

It \WS Hi gill . I I ill i 111 t ' l 1 . \ 

mutants w is m rely an art.il 1 i c < gnition by the 

V/36 \b b~< ii I i il i i , distantly lo- 

cated in dill i t ] | i jtion to a Hu 

constant domain preserved V/36 staining (Fig. 2. B and C; Mu Wt 
TCRMDM2 vs Mu chimeric TCR MDM2). Additionally, a decrease 

ill II I 11 t 1 II tl 1 Ml LI I II 

in i ii i I ii i i i I 1 i i 1 i ieeoveiy was 

let n i id K i t i< , i , i i I * ii .il I i i 1 I 

thosi ur niaici d i i i i med chains. Collectively, 

TCR V/36 staining closely reflected T( R surface • prcssion on CD8 + 
and CD4 T cell ml nd thus pi eposes a mechanism for TCR 
export de{ nd c i elfc e chain pairing. 

Reciprocal mutarhns in CotCfi of introduced TCR restored 
surface expression in hybridoma 

The results fron I _ mi i> d Ii i' I in i 1 U 

mentality at the interface of TCRotjS would restore surface expres- 
sion. Mutant TCR bearing the reciprocal mutations as described in 
Fig. 1 were coexpressed after drug selection in hybridoma 
58a _ /3~CD3£ + in the absence of endogenous TCR. As opposed to 
the CD8-dependent TCR MDM2, the presence of both TCRa and 
TCRjS of the gplOO-specific TCR was detectable via tetramer 
staining in a CDS id • i nt hybridoma Hence, we chose the Hu 
TCR gplOO to study the combinations of Wt and mutated (Mt) 
chains of its own species (Fig. iA). Wt I CR gplOO achieved the 
highest exp i i i (mean fluores- 

cence intensit 41 h 'i il 1 1 i | (u ally mutated 
TCR (also referred to as matched TCR; i.e., Arg-85.1c«/Gly-88c/3, 
MFI 6.5). Both unmatched Mta/WtB (i.e., Arg-85.WArg-88cj3; 
MFI 0.3) and Wta/Mt/3 (i.e., Ser-85.1ca/Gly-88cj3; MFI 2.9) TCR 
combination-. ' i piesv.on i Fi" 

3/1). The same ranking was observed for a V/314-staining (data not 
Shown). The presence of two bulky tmd charge.! arginine residues 
Ih i t 1 ill i I ii em I 

to lit nioi Ictrinvma! t > ' i 1 t i than tha ' iail l 
neutral residues, which led to withdrawal of steric complementa- 
rity and charge. 

The formation of hybrid TCR of an interspecies 
n<(HI\e/hii.iui:n-n<ix/ di pe does occm 
lit lit 11 1 

\2 I ( in ms node! i 4 i I 1 1 

of Mu TCR chains to interact with Hu TCR. Human TCR gplOO 
was combined with murine TCR MDM2 chains ro yield a Hu/Mu 
mixed type (J ' i 1 v liuurh h surf co expression of 
Hu TCRjS (Fig. 3B; Hu V014) JIJO'a cd. in, to indirectly quantify the 
interaction of Mu TCRa with Hu TC.R/3. while monitoring Mu 
TCR fi (Fig CM n 1 ntify the in- 

teraction of Mu TCK,fcl with. Hu TCRa. In cither setting, interspe- 
cies Wt RR . ib i t < i l-g vli strong propensity to het- 
o , ii ' e 'i ■ 1 i .hjii nstognims m Fig 3 MFI 21.5 for 
Mu Wta MDM2/H.U Wt/3 gplOO and 18.4 for Hu Wt« gplOO/Mu 
Wt/3 MDM i behiin I e related intraspecies Wt 
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FIGURE 3. Surface expression for intraspet 



1 a li in i i m i i anhi i i a ul i n am (1 il i 

lino;, .ii \n<v.'\it/j; i 1 sac i i i 1 > w-^/Mi/j i 

gray), or Mta V- t i si pint) ,,nd lU single 1 CR/3- 

sliaia 1 1 us i mi 

o! individual Ma MOVi-i al^shc.-pecn.c and Hu gp IhUCih-^Ktil-sp..:- 

i.i -"' r - i i by Hu V/3I4 posi ivit IB) or Mu V/J6 

r i, i i c I 

j I i Ii I i the an 

matched pairs in B, mixed M ? H v FCR is denoted by light gray 

•shading and IS H * ' - >ie, his In C, mixed Hu 

Wta/Mu Mt/3 I i 'i it Ii ' Hu Mtn/Mu Wifj 

TCR by a dashed line Ih, t l i I i i - n /' and ( shusliatc 

i i f TCR i l i i 
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TCR (bold lines: MF1 25.2 in Fig. 3fi and 33.4 in Fig. 3Q. Inter- 
species TCR are- able to interact, at least for the Hu V«H/Mu V/36 
and Mu Vo 

and may also take place in Hu PBMC as a disf ed side eaction 
Importantly, either one of the unmatched n s of a Mu 

Mta- or Mt/3 ) i ith a H V terp ere substantialK 

reduced in surface e\pie^ • r. • . , J.^ historians MFI 
2.8 forMu MtaMDM2/Hu WtBgplOO in Fig. 35 and MFI 1.0 for 
Hu Wta gpl()0/Mu Mt/3 MDM2 in Fig. 3C). The reciprocal mu- 
tations also ft 'i ]i , i i in iu I (i (' R 
(dotted hues) ^ < t i r < I i mtanon o! the other Mu 
Wt/Hu Mt unn I TCR ul i 111 t i th ihi mei 
TCR ^ •n'"iLl!i':!s 1 ri • , , i It i (iu ih i p 
* i 1,1(1 i lii hi mi il ii 
uipitlation. rim ing 1 ul n on either side oi Uw 
Mu CaC/3 inn- i ill ii 1 1 
duced and endogenous TCR and may diminish the formation of 
hybrid TCR. 



1 EMIBi 4 n . , ' I i . i n Ji 

T cells. Dot plot FACS-anaWsis of transduced and drug selected bulk Hu 
T cells with all Mu ICR M DM 2 combinations as follows [to u i left to right: 
TCR bearing the Wt a- and /Tchain, TCR bearing the mutations of recip- 
rocal complementarity (matched Mht/Ml/1 TCR-. Wt '! CRr.-cham com- 
bined \ till Ul i ii i 1 1 i i i i i 1 t MO I "TO. 
and the mutated Cily-85-lc.t Arg TC'ICv-chaiii combined with Wt. TCR/S 
(unmatched MlnA\ l/j TCR). A. s ul i i ^ i >i ■ , 1,1 >] the introduced 
TCR/3-chain is ilhistititcd using the subfamily-specific Ab Mu V/36. J?, The 
percentage of t I > Ml >M 'i s 1 , t u . i i i 1 i po imc T cells tepre- 
sentative of TCRiv/J with structural integrity. C. The down-regulation of 
bulk endogenous TCR triggered by introduced Mu TCR MDM2 is docu- 
mented by using an ami- He TCRop' Ah 



All intraspecies combinations of wild type and mutant Mu TCR 
MDM2 were then analyzed in antibiotic-selected bulk Hu PBMC 
(Fig. 4) where endogenous TCR might intetfere with chain pairing. 
First, we stained for V/36 + as a surrogate for overall TCR ex- 
pression (Fig. 4.4). The frequency of Wt TCR MDM2-positive 
T cells was high for both the larger CDS h (92.5%) and the 
smaller CD4 + (3.2%) T cell subsets, whereas introducing a sin- 
gle mutation as outlined previously in either TCRa (Mta/Wt/3) 
or TCR/3 (Wta/Mtjfcf) decreased the surface density of TCR. 
Because the single Wt or Mt /3-chain (Wt/3 and Mt/3) only elic- 
ited TCR V/36"" in a minor fraction of T cells (Fig. 25), the 
observed en bloc V/36 positivity for unmatched MWWt/3 TCR 
MDM2 (52.7% for CD8 + and 6.4% for CD4 + ) or Wta/Mt/3 
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FTGURI S. Chi mu • r i " . II H I i i i l \\l and Mt Mu TCRo/1 M!.)M2 combinations as explained in 

the legend lo Fig I 4 M.hK • VH * M 1 ' t f " Wt0. Cytolytic efficiency toward MDM2(81- 88) peptide-pulsed T2 cells is 

lv n r c I t i'il tti ' i i r I j 1 f l d u i m r, 

Cytolytic efficiency toward tumor cell lines. O. EU-3; Q BV-173; O.IM-9; •, UoC-Bl as HLA-A2.1" control; :?. Saos-2; A, Saos-2 clone 6. 
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Hu T cells with all Hu ICR gplOO combinations in analogy to TCR MDM2 as described in the legei 
mer (Tet) positive, indicative of a CDS independent TCR. it. Peptide titration in chromium-release a; 
i rCR; 0, Mtm'Mip: V, Ww/M\jS: a. Mto'Wi/i C. Cytolytic efficiency toward the Hu A2.I ' melam 
I i i HiO s lA 1 lie \\ h ntitl M titt te hdsed on CDS" 

o (CD8 + Tet + T) in ca f di nihl nci staining (A). 



Us. A, Dot plot flow cytometry 
.Fig. 4. Both CD-I andCD8 + 
iforTCRgplO 



(1 in I i v iU < i > !i i > iii 

introduced counterpart. T cells transduced with the matched 
Mta/Mtj3 TCR MUM 2 exhibited a significant recovery of V06 
positivity (78,4 and 10.3%), indicative of the restoration of 
steric and electrostatic complementarity. Conclusively, Hu en- 
dogenous TCR did not counteract the desirable effect of pref- 
erential twin pairing des| i uni pmj t i 
terspeci.es hybrid TCR formation (Fig. 3, B and C). 

\ i l in prod I i. for fn < | 

was j tm i fed by tetramer stain it u ( 2 binding re- 

quires the dual presence of TCRcr arid TCR 8 in a native confor- 
(Fig. 43 



i;;d Rcf. . 



4,1 a 



.. fhe 



n of it 



J ICR ; 



icclillC ! 

rodi otcr 



iclira! 
ailed it 



ICR " 



litre it then in t i 1 1 ! " i « i j u - i i 

on As recognition. Most importantly, coexpression of the comple- 
mentary TCR chain pair restored tetranier positivity and hence 
structural integ t i t 1 one-iwl that 1 the Wt TCR 
(29.7 vs 54%). In general, we did not observe >7()% tetramer- 
positive CD8 + T cells for the CD8-dependent Wt TCR MDM2 in 
any experiment (4). 



introduced '1'C'R have to compete with endogenous TCR for 
ii i i i i 1 ) i 1 i !. Re'.ioviral overexpres ion 

and favorable pairing of Mr. TCR among themselves promoted 
their i Off . i It i ing nttichinet t 1 l!n d( w n 

regulation of endogenous TCR on the cell surface of Hu T cells 
(16, 17). The amount ot introduced TCR-dcpcndcnt down-regula- 
tion of endogenous TCR correlated wilh she competitive strength 
' >- i jit I i i > 11(1' t " i if i l< ) 

The unmatched TCR did not suppress endogenous TCR (6.1 and 
10.1%) as opposed to the matched TCR. From flow cytometry 
analysis, apparently iCCl'd to' the ! cCIs have lost endogenous 
TCR surface expression. With respect to its diminished V/J6 pos- 
itivity (CD8 + and CD4 'd 88.7 vs 95.7%; Fig. 4/1) this is in line 
with a higher competitive strength for Wt TCR MDM2 (33.8%, 
Fig. 4C) Site > 1 i i i ml i duced TCR -,ui 

fa o it 1 I 1 1 < R IrCOV- 

ery. This equally applied to CD8 and CD4 ' T cell subsets (not 
shown). 

These differences in tl - ^e h I; t j hem y] were not caused by 
genetic modifications at the RNA level. Semiquantitative RT-PCR 
according to (36) demonstrated the equal abundance of mRNA for 
all TCR coit 1 i 'i ■! ' ' t t [ i 
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.8 min. The difference of their slopes was statistically not significant (j 1 
s i curved dashed lincsi •■ ipport CR noii;in. 



The Journal of Immunology 



399 



an almost equivalent TCR distribution ii 
? Mu TCR MDM2 restored functional 



equally for both the CDS : 
of the reciprocal mutation t 



subsets. The feasibility 



ainoumsofi 11 , Ir i _ - < T tells transduced with 

the matched FCK i ^ ethcicntas t se tiansduced with 

the Wt TCR; BC ;il) values were 0.28 nM for the Wt TCR and 0.58 
nM ! 

i. mi . ■ In K J i 1 ! i , i i ii t, L | i L tK)Tial avid- 

ity (2.94 nM for Mta/Wt0 TCR and 2.41 nM for Wt«/Mtj3). In- 
terestingly the u i Hi n i t 1 cytolytic efficacy did not 
ci ii -|iu ill ''.Ik t . , hi * hi, u |/fi ! I • l.i- 

i > i 4 i i Ii i^ n ii 

I e target cell prcscntin nati lly processed MDM2(81-88) 
peptide was determined (Fig. 58 and Ref. 3). An MDM2 trans- 
fectant of the ost t n ogmzedbyT 

cells transduced with the Wt TCR ('62% for a corrected E:T ratio 
of 5 for CDS + Vj86~ :T) and, to a lower extent, by T cells express- 
ing the matel e.l I CR n M ( 1 -S ' \ / 6 + 1 - 4) Accordingly, 
the tumor cell lines EU-3, IM-9, and BV-173 were lysed more 
efficiently by the Wt than by the matched TCR MDM2 (45/28% 
for CDS ' V/36 :T = 15/13). T cells transduced with the un- 
matched TCR pair did not deteeiably recognize any target cell line. 

Reciprocal mutations in Hit TCR apJ(M) restored structural and 
functional avidity in Hit T cells 

Analogous to the experiments performed with the Mu MDM2-spe- 
ciflc TCR, we determined the function of a high-affinity Hu 
gpl 00(280 -288)-specific TCR and its mutants bearing the same de- 
sign of reciprocal mutations, Ser-85.1 ca-Arg and Arg-SScjS-Gly (Fig. 
6). More likely than Mu TCR, the Hu TCR will form a hybrid TCR 
with endogenous TCR that would be counterproductive to the aim of 
in ercntiai pairi > \ ho n bcf< 1 partially humanized TCR 
MDM2 (Fig. 2CX the weakening of the interface interaction by the 
mutation Gly h* s< « tned to be vastly antagonized by the multitude 
'lit tactions aln . tin arg C<k>\ n'' surface srea Despite this, 
the matched I CR yielded mere ih.in one-half of die Wt tetranier pos- 
itivity for the CDS 1 T cell subset (56.4 vs 81.3%; Fig. 6A) while the 
unmatched K It laikd f" f> im! 2 " I hi m Id ilso be demon- 
strated for the TCR gpl 00-fransi.lueed an opposed to the TCR MDM2- 
transdiiecd CD4 T cell subset (Fig. 45). 

Next, peptide titration was performed for all Wt and mutant 
rCR i intimations 1 g 6/ Al i t e EC, 0 value of the Wt 
TCR (0.01 nM.) was 28-fold lower than that of the Mu Wt TCR 
MDM2. (he reduction in cytolytic efficiency for all mutant TCR 
(Mt«/Mt0 TCR gplOO, factor 2.1 : Wta/Mtj3, f actor 6.6; Mta/Wt/3, 

\'iw unini I ' i , ,n ' ' 1 si . t 

I ( I' i plflO i i i n' li i i 1 M tii 

tm ^tHktlll 1 <■ i l t - I ,1 

action in contrast to a glycine in Mu TCR. When mutated to 
charged Aig Si i ji tern tiucture. 

fhis corresponded to th - i i i ,i i i st 

( n recognition of an A2 'gpiOO' niekinuma was apparent 
» h onl the Wt an R ; Fig. 6C) 

if \ -> t Hi 1 i \ -f l -,1 i j 1 , „ t 

homogenous CD4 ' population. Again, recognition of gpl 00(280 - 
288)-pulsed T2 was accomplished down to the nanomolar range ex- 
clusively for the Wt and matched TCR (data not shown). Collectively, 
the reciprocal mutations affected structural and functional avidity 



' i in Hid i i 
fleet the fuiK.n mil . i a 1 I J < - 1 i 

i | I II t i | ol ilh mutated 

TCR MDM2 bv and TCR \ ft mtd idy (Fig 7, „, analogy to 
Ref. 31)- or anti-class 1 (Ref. 39 and data not shown)-based com- 
petition to tet i ,m iiu r v 1 H \ield compinbR intro- 
duced TCR surface densities, we stained bulk T cells with the 
MDM2(8l-88)-speeitie tetramer on a preparative scale and sorted 
them for equal and high MIT (Fig. 7, A and B). Spontaneous tet- 
ramer dissociation after suiting (Fig. 7, A vs R) and washing (Fig. 
7, C vs D) may account for the slight differences in their MFI 
values. Nevertheless, soiiiiig greaily improved the iKirmaliziition 
Of the tetramer signal when compared with TCR MDM2-txans- 
duced bulk T cell populations (Figs. 4B and 7, A vs 8). Because 
rapid tetramei ■ In i n ' M 1 | 10 the competitor of the 
accessible TCR on the ceil surface, we initially observed compe- 
H i 1 i kiiil kmumii 

0.5% sodium azide as an optimal concentration to combine re- 
duced tiii ill i I t i m it 
B). The kinetic analysis revealed a very similar dissociation for 
both TCR constructs (Fig. 7, C and £>) that proved to be nearly 
indistinguishable after nonlinear regression (Fig. IE). Transforma- 
tion of the GMF intensities to the natural logarithm (39) revealed 
a substantial mmlincat relationship for the plateau phase (not 
shown) presumably due to residual tetramer internalization. 
Hence, the evaluation was confined to the initial 10 min that 
obeyed a linear relationship (Fig. 77" (runs test) in analogy to Ref. 
31): the half-lives of tetramer binding were t U2 = 1 1 .4 ± 0.7 min 
for the Wt TCR MDM2 and t U2 = 9.6 ± 0.8 min for the matched 
TCR MDM2. The difference of their slopes was statistically not 
significant (/; 0.2). From this we conclude that the reciprocal 
mutations did not perturb Ag recognition. 



Discussion 

The main findings of this v. ork are: 1 i both Hu and Mu TCR chains 
i • 1 i ili i n i t T hit pho- 

cytes, thus ie* i 1 | m » n u o \ i i v ah unrelated 

TCR chains being synthesized hi the same lymphocyte: and 2) we 
have identified by visual inspection of the 2C TCR crystal struc- 
ture a pair of residue, buried in the C«Q3 interface that are critical 

I 1 i M I uiplh a 

i 1 i i i ii i i i hii! 

higl avidity ICR In eted agains viral or tumor Ags (1). 

m,i , u . ' ■ t f if it 1 i im in 

i i i i i i Li riles that de- 

pends on peptide binding (39). As shown here, the expression of 
i i.i. f l\ i> i ' i ii Mu c r Hu origin, is 

conferred by the present i n t Mi liMnidom 

lacking endogenous TC R Detect! i 
T cells is fun i i a 

a stabilizing effect b) i f id ,. ins This 

reveals chain panmg > f 1 n i >ts uf ICR C- 

domains (40) and implies that heterologous expression of Hu or 
humanized TCR in Hu T cells causes the random combination of 
iii 1 i i i > , • , a i i 

specificities (9). 
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mil in i j ri ship between the level of 

Mu TCR MDM2 expression relative to endogenous Hu TCR ex- 
pression Con jpond 1 1 u " ' nt j Hu TCR gplOO in 
iii' i i ol endogenous TCR (Ref. 16 and 

data not shown). Thus, we assume that the Mu TCR a- and 

I! iJlul h Ij l I i * III 1 in 1-1 t l ill 

II I | I I I ill I I ll I I | II 

with endogenous TCR for binding to the Hu CD3 complex, the 
shuttle foi t\p< i , i • 10 17 However, we 

cannot ru e ed b t i of conserved 

residues in Mu C-domains to favor interaction to Hu CD3ey (41). 

\hh >u 'I il in , oi 1LR/CD3 chain assembly 

[ u \ai • i ! I i i 1 ! 1 1 1 1 1 1 1 ' ' i I 1 iht 

' tin n c "i n | i 1 i i i i (i 

avidity was the same: the complementarity matched TCR retain an 
efficiency comparable to that of Wt TCR while that of the un- 
imtu In il It K » i n 1 I ni 1 In im ' ' i lb n t 
tin inipiiitu i ni 1. i i residues for the overall integrity of 
the TCR structure. Kvcn mfraspccies combinations of a Hu intro- 
duced and i 

a high interchain affinity, were drastically affected by the replace- 
ment l I! I'll I 1 I I I I ill 

( \i s i ) , n i ii il it |il li i mliimoi 

po: ition i f Mi ,( i hain nlo the Hu CI.) ipl (If 

is ubl ul MhTi R h i ii R due to their 

high homology in primary and tertiary structure (18, 19). This is 
supported by oiu mduig I it t nterehain fin it In i 1 i 

Hu TCR is sufficiently high to form interspecies hybrid TCR. 

The rational d 'ignolu i'.i a- p i '-n 1 . e od d domains have 
been formerly studied in detail for Abs in P. Carter's laboratory. 
The reciprocal introduction of a pair of specifically interacting 
"knob- into- hole" residue--; Thr-366-Trp/Tyr'-407-Ala at the inter- 
face of the invariant C,,3 domains favored the generation of an 

inti I I > i'i'I " 1 1 ( ■ i i Mm 'ii tli 1 I i l in i] ii i ' p 
"phage display" (32, 42). In this study we aimed at minimizing the 
impact on TCR structure, by simply swapping the positions of na- 
tive Gly-85.1c« or Ser-85.1c» and Arg-SScfJ between the invari- 

mt to at 1 I /■ d ii ,-1 i il i i u > h i 1 t M n i i 
tier Waais surface of side chains) and electrostatically (i.e.. charge 
of argimne) i in 1 m d ex< o h it irientations. 

The C. a -C.fi imerface of itie 2C 'ICR is characterized by high 
< i i iplt in i a i i 1 | i 1 i i til i i r t 1 Hi o 

basic residues in Cfj and acidic and radar residues in Co (13). The 
asymmetric charge distribution til die imerface raises ilia i.]:iesiion 
of the relative c< 1 1 i 1 1 si t t , t o.n 

chain pairing. I i [ ' much more pro- 

iioiniced ci'i clt t i i I t s ,b t i 

for the Wta/Mt/3 combination. Obviously, steric hindrance and 

( I ll I It! I I 111 II I _ I I I 

each ul i i I I l -n i li'ii 

Hit 1 f IP ii I 1 I 

elusion I 

p urn m run It i pi it m u i e pairing to 

unmatched endogenous TCR Tin-, ' i it i i n tm 

t i i t | 1 - i i 1 ICR 



sffec 



should be coin > i somauhai by lite mulliiude of i t it 
along t 1 < »( i u 4) V 0 8). In 

Ugh ol the chat te isymrr y in TCR ( mai 1 
that the charged guanidinium group of Arg-88c/3, as one of a few 
basic key amino acids (Fig. IB), contributes to long-ranging elec- 



i eerie of C-domain associati t 

sequently, the variable do l ins ,a mn i o l 

phobic interactions (43) and may demand t re dm fat propei 
assembly due to then T i 1 1 1 t - ' i 1 

Hence or tl 'a, .sin a ptinn/aii a of TCR chain pairing, the 
hypothesized two-step i h nisrt t iat last evenl 

should nor oe manipulated (i.e., chain pairing of the variable do 



erodimeric constant domains of a traneaied ICR is sufficient for 
I i , t t hi in 1 i it 11 [ I o I n 

CoC/3 interface (2049 A 2 ) overwhelms that of the variable do- 
mains (1160 A ? ; Ref. 18 1. These aspects account for the pivotal 

it ( ni U M l s i 1 ICC 

aeu-k., s p! ll \ -d.on ams O pi I I ctl incl 

their close juxtaposition to the Ag recognition sire complicates die 
icientit i itii n of ideal!; med (ui h rg I lob-into- -hoi resi lues 
to apply to a sub I i i dent approach. 

However, -'il tn n i o V •> < i n i group in mu- 

tated Arg-85.1 c i i tl I li It j i nisi istruc 

tural alteration responsible lor the slight decline in efficacy of the 
matched TCR. Currently, we are trying to optimize the reciprocal 
configuration by changing the size, charge, and potential hydrogen 
bonding of tin 1 i iclut fn an elfori lo eudov each chain 
with a repulsive and charged knob, we introduced into the matched 
Mt Arg-85.1co/Mt Gly-88c/3 TCR vice versa an Ile-86ca-Gly/Ser- 
86cjB-Arg imitation in a juxtaposed [losilion. Even the reduction of all 
bulky arginines to lysines in these -1-fold mutated heterodimers 
yielded nonfunctional TCR (data not shown). Hence, TCR structure 
turns out to be very susceptible to local alterations at its interface. 

Recently, TCR have been stabilized by introducing an artificial 
disulfide bridge into the constant domain (14, 15). This approach 
may benefit from preferential pairing due to the formation of an 
irreversible covaleni linkage but disregards the risk of hybrid TCR 
formation. Serine, threonine, and cysteine are chemically homoi- 
ogoi aid v ! l n lis u i.iatt o ric repulsu tin I u Is o1 interaction 
This notion is supported by the fact that disulfide bridges are not 
necessary for TCRa/3 heterodimeri/.ation (40). As an objective, 
one may attempt to combine the advantageous effect of the recip- 
rocal mutations witli tltat of the artificial disulfide bridge. 

Although the Wt TCR MDM2- and gp 1 00- introduced T cells 
differed by a facto o - v n cyioti t fl n lit lt„ values 
> 1 I > > i proportion luc i n in x pit U reco ■ 

nition for then unmatched TCR MDM2 ( factor of 9-1 1) and TCR 
gplOO (factor of 7-46). Although they are still able to recognize 
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b u ' t it l I i i I 1 I 

ceils for then \g equals the product ol 1'CR cell ui < lensip 
i i i a u nide/MHC hgand, we 

i 1 t < ■ i i ' t 1 i i it, i i' r i it tt is not a 
i lil it Mti mill i ii lit 

causes the i 1 ' i i tin functional avid- 

ities between the Wt and matched TCR. Ag recognition needs a 
p tin i oi icpends on het- 

erodimerization for sufficient TCR otm .-an (- > 

In summaiv we de o "e d tut i r < " 

interfaces to promote spe m. .In n i a Ins n pK id: pa\i , the 
way for the moleculai rehnernenl 1 T< R t ura hat favorably in- 
teract by noncovalent modifications en a; - e inn polo", un 
changed for optimal avidity and maximal reduction of potential 
immunogenicity. 
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